The electron transport systems of I 34 strains of streptococci were studied after aerobic growth on glucose in the presence of haematin, by examining the inhibition of electron transport as well as the cellular site of NADH oxidation. Each strain was placed into one of three possible groups: cytochrome-like NADH oxidase; flavin-like NADH oxidase; or no NADH oxidase. Most (88 %) of the strains of Streptococcus faecalis and its variants liquefaciens and zymogenes and a few strains of S. Zactis and its variant diacetylactis contained cytochrome-like respiratory systems. Other streptococci including S. faecium fell into one of the other groups but did not contain cytochrome-like NADH oxidases.
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the late-exponential phase of growth was reached. Since generation times varied for different species the time of incubation was altered to give a constant final growth state. Bacteria were harvested by centrifuging at 15000 g for 15 min (21 500 g for 15 min was used where cell packing was insufficient), then washed twice in 0.0 I 5 M-2-n-morpholino-ethanesulphonic acid (MES) at pH 7-3. Bacterial extracts. Bacteria (I g wet wt) were resuspended in 25 ml MES and then broken in an X-Press (BBL, Rockville, Maryland, U.S.A.) at -25 "C and 20000 lb in-2 (138 MPa). The resulting suspension was centrifuged at 40000g for 15 min and the pellet discarded. The supernatant fluid was recentrifuged at 78000g for 90 min. The supernatant fluid from this centrifugation contained the cytoplasm. The pellet (resuspended in 5 ml MES with 10 % sucrose) contained the vesicles and small membrane fragments. Certain strains and particular species were harder to break than others, and this introduced an inaccuracy in that a preparation with high breakage liberated more units of NADH oxidase into the cell-free fraction. Between 50 and 80 % of the bacteria from any species were broken by the X-Press.
Thus, if a strain was reported to have 400 units of NADH oxidase/g wet wt the maximum error was & 120 units. The variation did not affect the inhibitor data or data on the site of cellular NADH oxidase. Duplicate breakage of a single strain indicated that no more than 2 10 % variation would result.
NADH oxidase activity. The assay for NADH oxidase activity was performed as previously described (Ritchey & Seeley, 1974a). If the primary assay of 0.1 ml of the membrane fraction showed very high levels of activity, the 5 ml membrane fraction was diluted. Inhibitors of NADH oxidation [0.20 ml of 1.0 M-NaN, to give a final concentration of 0-1 M, 0.05 ml of 0-02 M-KCN to give a concentration of 0.5 mM, or 5'0pl of 2-n-heptyl-4-hydroxyquinoline-n-oxide (HOQNO) to give a final concentration of 0-1 m~] were added in three subsequent assays.
The 25 ml fraction containing the cytoplasm was then assayed for enzymic activity. Normally 0-2 ml of the 25 ml fraction contained the optimum concentration of activity for these assays. Since inhibitors were used to confirm the predominant type of NADH oxidase, their effect on the cytoplasmic NADH oxidase was not examined if the membrane fraction contained a cytochrome-linked NADH oxidase. The term 'NADH oxidase' is used in a very broad sense and refers to the primary pathway from NADH to oxygen, which is either flavin-linked or cytochrome-linked. Descriptive terms used here to designate these pathways are 'flavin-like' or 'cytochrome-like'. These terms are used to recognize the limitations of classifying NADH oxidases in specific categories where complete individual electron carrier systems were not isolated and characterized. If the cytochrome-like pathway was not present in the 5 ml membrane fraction, inhibitors were used to confirm the presence of any flavin-like NADH oxidase.
R E S U L T S
The NADH oxidase activity was measured in the membrane fraction and cytoplasm of the 134 strains of streptococci ( Table I) . A few strains did not grow aerobically under these conditions, although they grew anaerobically in the same medium. In some instances neither the particulate nor the soluble fraction of aerobically haematin-grown cells contained any NADH oxidase activity. These strains were regrown and harvested in the midexponential phase of growth. An organism was classified as not containing NADH oxidase (group 3) if activity could not be found under any of these conditions.
An organism was classified as flavin-like (group 2) if fewer than 10 units of enzyme activity were present in the 5 ml of the particulate fraction (this represented the lower limit Cytochrome-like respiration in streptococci 20 I of assay sensitivity) and there was detectable soluble NADH oxidase. The criteria used to classify either pathway were arbitrary since a precedent for such a scheme has not yet been established. The limits for assigning either units of activity or percentage inhibition were determined by careful examination of the data. The presence of a flavin-like system was confirmed by measuring inhibition of the rate of NADH oxidation. With 0.1 M-NaN,, inhibition was greater than 35 %, with 0.5 mM-KCN it was less than 35 %, and with 0.1 mM-HOQNO less than 25 %. The species which were difficult to fit into this classification were Streptococcus lactis, S. lactis var. diacetylactis and S. cremoris. These species (the lactic streptococci) may have a different type of flavin-linked NADH oxidase, in that their soluble NADH oxidase was relatively insensitive to NaN,.
An organism was labelled 'cytochrome-like' (group I ) if there were more than 250 units of enzymic activity present in the 5 ml of the particulate fraction. The presence of a cytochrome system was confirmed by the degree of inhibition of the rate of NADH oxidation.
With 0.1 M-NaN,, inhibition was less than 20 %, with 0.5 mM KCN it was greater than 75 %, and with 0.1 mM HOQNO greater than 35 %. Again the lactic streptococci presented the exceptions: those with a cytochrome-like NADH oxidase system were not very sensitive to HOQNO.
Streptococci were divided into six general groups, depending upon the type of NADH oxidase found. (i) The species which failed to reveal any type of NADH oxidase: S. equi, S. dysgalactiae, S. sanguis, S. salivarius, S. bovis, S. thermophilus and S. mutans. (ii) The species containing strains, some of which were devoid of NADH oxidase and others with a flavin-type NADH oxidase: S. pyogenes, S. zooepidemicus and S. cremoris. (iii) The species with strains which contained the flavin-type NADH oxidase alone : S. equisimizis, S. agalactiae, S. equinus, S. uberis, Streptococcus group G, Streptococcus group E, and S. faecium (including strains formerly known as S. durans). (iv) S. faecalis var. liquefaciens, the only species which contained strains with a cytochronie-like NADH oxidase alone. (v) Strains of S. faecalis, S. faecalis var. zymogenes and S. lactis var. diacetylactis which produced either the cytochrome-like or the flavin-like NADH oxidase systems. The strains of S. faecalis and S. faecalis var. zymogenes which produced the flavin-like system were old laboratory cultures, by which is meant a strain which had been isolated more than one year prior to this study and which had usually been carried in laboratory media for many sub-transfers. The term old laboratory culture is used to call attention to the fact that mutations might have occurred during the time of sub-culturing, thus affecting components necessary for the cytochrome pathway. (vi) S. lactis the only species which contained strains which fell into the main groups i, ii, and iv.
D I S C U S S I O N
The ability of certain streptococci to metabolize haem compounds has remained obscure until recently because good growth occurred in many media without haematin and where cytochromes did appear they were inducible. In the present study all strains which produced cytochromes in haematin-containing medium also produced a flavin system when grown in a medium devoid of haematin, and were thus haematin-dependent for cytochrome formation but not for respiration.
The object of this investigation was to identify species of the genus Streptococcus able to form cytochromes when grown under certain defined conditions. Using cell-free extracts of newly isolated strains, the distinction between the cytochrome and flavin systems was easily made. Cytochrome-like enzymic activity, when it occurred, was present in the washed membranes at levels of at least 290 units as seen in S. faecalis var. hquefaciens strain T9I
